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ABSTRACT: We study the gauge-xing approach to the construction of lattice chiral
gauge theories in one-loop weak-coupling perturbation theory. We show how infrared proper-
ties of the gauge degrees of freedom determine the nature of the continuous phase transition
at which we take the continuum limit. The fermion self-energy and the vacuum polarization
are calculated, and conrm that, in the abelian case, this approach can be used to put chiral
gauge theories on the lattice in four dimensions. We comment on the generalization to the
nonabelian case.
1. Introduction
In a recent paper [1] we have shown that one can construct models with chiral fermions on
the lattice by using a lattice action which contains a discretization of a covariant continuum
gauge-xing term. The model we investigated is a concrete implementation [2] of the so-
called \Rome approach" [3,4].
In lattice chiral gauge theories the gauge symmetry is explicitly broken for nonzero values
of the lattice spacing, even in anomaly-free models. The basic reason for this is that each
fermion species has to contribute its part to the chiral anomaly, and in order to do so,
chiral symmetry has to be explicitly broken in the regulated theory [5] (see also ref. [6] and
references therein). On the lattice, the gauge-symmetry breaking induced by quantum eects
is not restricted to the anomaly, but includes innitely many higher-dimensional operators
which are suppressed by powers of the lattice spacing (are \irrelevant") for smooth external
gauge elds. However, for arbitrarily \rough" lattice gauge elds, these operators potentially
lead to unsuppressed interactions between the fermions and the gauge degrees of freedom
(the longitudinal modes of the gauge eld). Typically, this phenomenon alters the fermion
spectrum of the theory nonperturbatively, leading to a vectorlike rather than a chiral fermion
content in the continuum limit (for reviews, see refs. [7,6]).
In order to remedy this problem, it is natural to consider gauge-xed lattice gauge
theories [3,4]. It was argued in ref. [4] that a smooth gauge may lead to a suppression of
rough lattice gauge elds such that a location in the phase diagram of the theory exists where
the fermion spectrum remains chiral. In this case, both the transversal and longitudinal
modes are controlled by the bare lattice gauge coupling, so that the lattice theory can be
systematically studied in weak-coupling perturbation theory.
In order for the lattice theory to admit a perturbative expansion, the gauge-xing action
should have a global minimum at the perturbative vacuum, A = 0. A discretization of
the standard Lorentz gauge-xing term with this property was proposed in ref. [2]. A
simplied version of this model was then studied nonperturbatively for the abelian case. In
this \reduced" model only the longitudinal modes of the gauge eld (or, equivalently, the
gauge degrees of freedom) are taken into account. Since these are precisely the degrees of
freedom that, without gauge xing, destroy the chiral nature of the fermions, it is important
dependence coming from the region k <  must cancel against the explicit  dependence coming from the
region k > , leaving the complete result independent of the arbitrary parameter .) Power counting tells us















































; m2 ! 0; (32)
for small p2=2. This result shows that nonanalytic terms occur only in the right-handed kinetic part of
the charged fermion propagator. The left-handed kinetic term receives only a nite renormalization coming
from contact terms in the fermion self-energy. This tells us that the left-handed charged fermion is a free
particle, with a simple pole in its two-point function.
A similar analysis of the neutral propagator at one loop can be performed by expressing Eq. (15) in
terms of the neutral fermion eld  n = y c. One nds similar nonanalytic terms only in the left-handed
kinetic part of the neutral fermion propagator, telling us that in this case, the right-handed neutral fermion
is free. The nite one-loop renormalization of the right-handed kinetic term actually vanishes in this case,
in accordance with shift symmetry.
If indeed the neutral right-handed fermion and the charged left-handed fermion are the only free fermions
that exist at the critical point m2 = 0 in the reduced model, one would expect that the two-point functions
of  cR and  
n
L correspond to two-point functions of fermion-scalar composite operators, with a cut starting at











and similar for the neutral left-handed fermion. We will show now that the nonanalytic behavior found for
the charged right-handed fermion is exactly what one would obtain from calculating the right-hand side of
Eq. (33) in momentum space, expanded to order 1=~. An analogous argument can be given for the neutral
left-handed fermion.














[G(x− y)−G(0)] + : : : ; (34)
